(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
31 July 2003 (31.07.2003) 




PCT 



(10) International Publication Number 

WO 03/061805 Al 



(51) International Patent Classification 7 : B01D 15/08, 
G01N 30/60 

(21) International Application Number: PCT/AU03/00049 

(22) International Filing Date: 16 January 2003 (16.01.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
PS 0016 



17 January 2002 (17.01.2002) AU 



(71) Applicant (for all designated States except US): SGE IN- 
TERNATIONAL PTY LTD [AU/AU]; 7 Argent Place, 
Ringwood, Victoria 3134 (AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US onlyji^ DAWES, Peter, 
Alexander [AU/AU]; SS^Beauty Gully Road, War- 
randy te, Victoria 3113 (AU^ftAWES, Ernest, Frederick 
[AU/AU]; 2/60 Clarendon Street, East Melbourne, Victoria 
3002 (AU). 



(74) Agent: FREEHILLS CARTER SMITH BEADLE; 

Level 43, 101 Collins Street, Melbourne, Victoria 3000 
(AU). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, PI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MKL, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



.(54) Title; SEALED INTEGRAL LIQUID CHROMATOGRAPHY SYSTEM 



< 
ID 
0© 
V© 




(57) Abstract: A liquid chromatography system (10) including a separation column (12) having an internal bore (13) and an end 
fitting assembly (16, 18, 20) fitted at one side to an end of the separation column (10). Transfer tubing (22) is fitted to the opposite 
side of the end fitting assembly (16, 18, 20). The separation column (12), transfer tubing (22), and end fitting assembly (16, 18, 20) 
are constructed as a sealed integral system. Preferably, the separation column is a micro, capillary, or nano liquid chromatography 
column. 



APPLICATION 



of 



10/501981 

0TO9 fac'dW/FTO 14 JUL 2004 



PETER ALEXANDER DAWES 



and 



ERNEST FREDERICK DAWES 



for 



UNITED STATES LETTERS PATENT 



on 



SEALED INTEGRAL LIQUID CHROMATOGRAPHY SYSTEM 



Client ID/Matter No. FREEH 68914 

Sheets of Drawing Figures: 1 

Express Mail Label No. EV 130091776 US 



Attorneys 

FULWIDER PATTON LEE & UTECHT, LLP 
Howard Hughes Center 
6060 Center Drive, Tenth Floor 
Los Angeles, CA 90045 




10/501981 

DT09 Recti PCT/PTO 14 JUL 2001 



SEALED INTEGRAL LIQUID CHROMATOGRAPHY SYSTEM 



Field of the Invention 

The present invention relates to liquid chromatography and in particular to 
capillary and micro liquid chromatography columns. 

Background of the Invention 

Liquid chromatography is used for separation of certain compounds by their 
interaction with a packed bed in a separation column. The molecules to be 
separated are dissolved in a liquid mobile phase that is pumped through the 
packed bed, which is packed tightly, usually into a tube. 

in its most basic form a liquid chromatography system typically comprises a 
pump to generate the flow and high pressure necessary to force the liquid mobile 
phase through the separation column. An injection valve then introduces a 
measured amount of the sample to be analysed into the liquid mobile phase 
stream. There may be a pre-column or in-line filter after the injection valve to 
remove particulate matter or material from the liquid mobile phase that may 
damage the separation column. The liquid mobile phase is pumped through the 
separation column under high pressure where chemical compounds are 
separated. The effluent of the separation column, including the separated 
compounds, are then carried via a transfer line to a detection system that is used 
to measure and quantitate the separated sample components. 

Between each of the components in the liquid chromatography system 
there are typically connections made to transfer lines to take the liquid flow from 
one component of the system to the next. The flow path of the liquid therefore 
includes several joints which must be sealed against high pressure wrthout 
introducing dead volumes and multiple flow paths to the flow path. 
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Within a conventions, separation oolumn design there are connection* ,f rem 

particulate separation media contained within the separation coiumn. 

Existing separation coiumns were designed when liquid chromatography 
txisung v diameter, for example. The 

vet fully defined, common terminology in th.s area rerer 

system and to ensure that the making 0. connections for the .ess 
practitioner is less critical. 

,« is therefore an obiec, of this inven«on to provide a liquid chromatography 
system incorporating low volume and zero dead volume connections. 

Summary of the Invention 

The invention accordingty provides a liquid chromatography system 
including: 

a separation column having an internal bore; 

an end fitting fitted at one side to an end of the separation column; and 
transfer tubing fitted to the opposite side of the end fitting; 
wherein the separation co.umn, transfer tubing, and end fitting are 
constructed as a sealed integral system. 



Preferably .he separation column is a micro, capillary, or nana liquid 
^"•ocium. More preferably, the - — °< - — 
bore of the separation ooiumn is in the range 0.025mm - 2.1mm. 

The end Wing preferably inoiudes a double ferruie or employs a similar 
The ena numy k o^forahlx/ the doub e ferrule 

m ethod of sealing the fitting at high pressure. Preferably, 

incorporates a frit. 

The end Wing advantageously Includes a zero volume connection between 
sealing means. 

The double ferrule preferably includes centra, bore which aligns with the 
rZtr^ng.tem.hem^o.me^.e.oe^endo.mefe^e. 

The frit of the double ferrule may be a wire mesh M or a polymer or - 

The liguid chromatography sysfem preferably further Modes a p^ecUve 

Z^TJZ t r ^ and prevent the - -de diameter 
separation column from being damaged in use. 

,n oreoaration of the separation column it is necessary to form and seal the 

removed. 

Preferably the separation column Is made o, glass lined mefa, tubing or 
fuS ed silica lined polymer tubing, or any other suitable matenal. 
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A transfer or connecting tubing is provided on the other side of .he double 
, , Adlntageousiy .he transfer tubing is received within the bore of ttre 

:::: jrsi. — — -« -r*^:^ 

f tho frit oDoosite the separation column. The bore of tne aouu 

of different outer diameters. 

Advantageously, .he doubie .erruie is permanent collapsed so as .o fix ,he 
capillary column into one end and Ihe transfer tubing Wo i.s outer end. 

, n one embodiment of the invention, .he separation column, end fitting, end 
transfer Zg ere pen— ioined by gluing, welding or Cher „x,ng means 
into a single unit. 

Brief Description of the Drawing 

The invention will now be described by way of example, with reference .0 
the adorn ^0 ~ which is a side cross-seo^onal view o, an integra, 
"aid oblaJgraphy column according ,o dn embodiment of the ,nven„en. 

Description of Preferred Embodiments 

Referring to .he drawing .here is iilus.ra.ed a iiquid chromatography system 

the opposite end (not shown) of the separation column 12. 

Separation column 12 is preferably either a micro, capillary, or nana liquW 
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. o.o m *w hP used The internal bore 13 of the column 
and inert bore tub ng materials may be usea. mo 

« JS* packed - packing — (no, shown,. The separate cofcmn 12 
s o tained within proteose shea* 14 that extends aiong .he length of the 
ooluITa and cove* a, teas, part o, the doub.a ferrule 18 as disoussed beow. 
tZ 14 is advantageously made o, a polyme, o, mela, and serves ,o reduce 
accidental damage to the separation column 12. 

Backing ferrule 16 is provided at each end of the separation column 12 
(only onTeno s i„us,ra,ed). The hacking terrule is used in terming the douUe 
o lie en,o ,he separation cetumn 12 but can he removed on the M en 
ormed bu, la .rapped unable to he removed on the second end orrner, « 
ZlL no subsequent function. Backing ferrule 16 includes a centra, bore 17 
CTo reoele ,he separation co.umn 12. The outer diameler - •» 
Zl 1 sized ,o be closely received within me outer sheath 14. The side 19 o 
beta ing" rrule 16 facing .he separation column 12 is generatty petpendtcuiar 

is shaoed as a hollow cone 23, as illustrated, to recewe one s,de 24 of the double 
l£T. and ,o form me ferrule 18 into a permanent sea, onto the separate 
column 12. 

Double ferrule 18 is formed as a double-sided conical component, tapering 
from the middle of the component to each side 24, 25. The double ferrule aso 
Tudes a cela, bore 26 extending therethrough. A firs, side 24 o, .he double 
a ^ received within ,he hollow conic* portion 23 o, bacKng ferrule 1 6. 
u advantageously extends up to midway along Ihe double ferrule. 

The cones on each end of the double ferrule must make a reliable high 
pre ssuTsea. onto the transfer tubing and separation column. The shape and 
Tensions o, the two cones are not necessarUy .he same and depend on .he 
tubing they are sealing onto and the dimensions of the tubing. 

To create the necessary perfect flow conditions in small volume liquid 
chromatography the bore o, .he separa«on column and the transfer ,ub,ng must be 
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m.crometers. U3,ng co and expenslve to a ch,eve 

:tl« t- size, ^ning fro. one d^on, 
r^on 1 1 « — *n the conning tuoe, ntaKes the 
s,mp.e desrgn, and tendency ^ ^ be 

fitting designs. 

Th. frit 20 is captured in the double ferrule 18 either as a wire mesh frit or*a 
Thefr.t20.scapturea Frit 20 Is a flat circular disc with a 

polymer or metal frit formed in the ferrule 18. Fnt 20 t 

P ■ QC » fiitpr of the packing material. The frit 20 is 

!ln .he end o, .he separatton coiumn t2 or ,n .he connect tub,n g 22. 

. . rio , 5 of dou ble ferrule extends from the cover of the 
The second sKie 25 of Mh. do ^ ^ ^ 

:r£U=::==^- 

the transfer tubing 22 into its other end 25. 

. • ,w thP onlv way of forming a permanent 
A double cone ferrule is not the only way 

«i. . m n 1 p frit 20 and the transfer tubing 22 or 

- - r =« =- — 

column, frit and transfer tubing system. 
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ideally the tubing of the separation column 12 and transfer tubing 22 shouid 
have an outside diameter as smaii as possibie. A small outside diameter reduces 
the annular area at oonneofions proportional to me square o, the diameter, *ch 
helps reduce unwanted dead volumes within the system. Smailer outs,de 
diameters also al.ow for more precise fits with reduced scope for errcrs ,n 
concentricity or annular areas. Existing systems have typically had column 
outside diameters from 1/16" to 1/8". 

The ferrule 18 is designed and is of small enough dimension to permit 
machining to the very precise dimensions and concentricity required in the jo.n 
between the separation column 12 arid transfer tubing 22. The bore of the double 
ferrule may be stepped to accommodate a separation column and transfer tub.ng 
of different outer diameters. 

The integrated liquid chromatography column can be produced using 
various diameter components and materials, for example, 1/16" outer diameter 
(CD) glass lined metal tubing (GLT), 0.635mm O.D. GLT, 1/16" OD PEEKSIL and 
M32" OD PEEKSIL for the column tubing material. PEEKSIL is a fused s.l.ca 
capillary tube coated with PEEK (polyetheretherketone). The inside diameter of 
the separation column is typically between 0.025mm and 2.1 mm. 

The transfer tubing 22 is preferably either 1/16" OD or 1/32" OD fused silica 
B ned PEEK which has an inside diameter of between 0.010mm and 0.100mm. 
Another suitable connecting tubing materia, is fused silica tubing with 0.010mm o 
0.100mm inside diameter range and an outer protective coating of poly.rn.de to 
give approximately 0.35mm OD. 

,t will be appreciated that the chromatography column of the invention is 
designed to incorporate all critical elements of the column, into a permanently 
sealed fitting. In this way the column can be designed to achieve ideal flow path 
properties because there is no need to make the system in several pieces as » 
the usual practice in liquid chromatography fittings. Typical error buHd-ups ,n 
assembly of the system is therefore not an issue. It will also be appreciated that 



the double ferrule of the system is an easy component to machine in very high 
volume and is therefore a much less expensive way to produce a liquid 
chromatography column. 

It will be understood that the invention disclosed and defined in this 
specification extends to all alternative combinations of two or more of the 
individual features mentioned or evident from the text or drawings. All of these 
different combinations constitute various alternative aspects of the invention. 



